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Summary
Thisnotepresentsthepressuredistributiondataobtained
on thetailsurfacesof a PW-9airplanein a mm”oerof flight
maneuvers.Tneresultsgivenarea partof thoseobtainedin an
extensiveinvestigationf thepressuredistributionoverallof
theliftingandcontrolsurfacesof thisairplane.# Theyare
givenin tabulszandcurvefozm,azndarediscussedbrieflyin re-
4
spectto theircompsxisonwiththeexistingtailsurfacedesign
specifications. P
Thisinfomaationis issuedin advanceof thereporton *he
. completeinvestigation,“becauseof theimediateinterestin tail _
surfaceloadsoccasionedby theresultsof recenttailsurface
pressu-edistributiontestsandfailuresoccurringin flight.
—-
It Sho-ddserveas a guideto thosedesignerswhowishto insm”e .
structuralsafetyintheirairplanespendingtheformulationof
i~oresatisfactorydesignrulesfortailsurfaces.
4
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Introduction
At thepresenttime,specificationsforthestructuraldesign
of tailsurfacesarebeingrevised.Thishasbecomenecessaxy
.
withtheadventof higherperformanceandgreatermaneuverability
in airpl~es,bothexperience,as r@resentedby actualfailuzes
in theair,rndexperiment(Reference1), indicatingthatcert~in
—
of thedesi5mrequirementsof theexistingspecificationswere
muchtoolow,particularlywithrespectto serviceaircraftof the
pursuitor fightertype. In view,therefore,of theinterestin
thesubjectat thistime,theimportantresultsbearingon the
designof tail“surfacesobt~.inedin thepressm-edistribution
testson thePW-9airplanearepresentedherewithto supplement
thedataobtainedon theF6C–4(Refezence1),smdto furnisha
guidefordesignerspendingtheproductionof thenew sgecific>
tions;
Theinvestigationw&s conducted by the ~a.tion~ AdvisoryCOZL
mi.tteeforAeronauticsatLan@ey Field,Virginia.Completer+
suitsof thetestswillbe presentedin a reportnow in prepara–
tion.
App-”atusandHethod
Theairploneusedin thesetestswasa BoeingP’iV-9puxsuit
ai?rplaaeodifiedin a fewminorpexticul.azswhichdo not affect
thesignificanceof theresults.C&racteristicsof thisair-
planearegivenin Table1.
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Measurementsofpressureweremadesimultaneouslyat 23 sta-b
tionson therighthorizontaltailsurfacesand26 stationson
thevertic~surfaces,as indicatedby theGrificelocations
givenin thepressurediagramsthatfollow.Airspeed,normal
accelerationat thecenterof gravity,angul.mvelocity,arid
controlpositionwerealsomeasuredsimultaneouslywiththepres-
,
Sures.Tbemethodof r,leasuri~gtheseq~~titiesdoesnotdfifer
in anyessentialfeaturefromthe
.
tigations,anda descriptionwill
methodsused
notbe given
ir.previousinves–
here,butmaybe
foundinthecompletereport.
Theprecisionof thetestsis summarizedas follows:
1.
2.
3.
4.
5.
6.
Iadividutipressures....... t3 per cent
Totalloads................*6 ‘~
Air speeds................. *4 ‘1
Acceleration............... *.2g
Controlpositions.......... 2 degrees
Synchronization............ 1/20second
ResultsandDiscussion
*
Theresultsa-epresentedin theformof (a)pressuredia-
grams;“(b)histories,showingthevariationofloads,moments,
airspeedyacceleration,and controlpositionRithrespectto
timethroughouteachm~oeuver;(c)a table;and (d)curves
r--’
showi~~theco-mparisonf thedesib~requirementsof theold
* specifications~itkisor,~eof thefrostsevereloadsobtained
in flight.Formostmaneuversonlytwopressureplo-tsaregiven&
correspondingto maximumpositiveandnegativeloads. These,how-
ever,aresupplementedby completesetscf pressurediagramsfor
twoof the~~ostinterestingmaneuvers.Singleplotsaregiven
forthediveandpush–down.Thehistoriesgivenincludeseveral
of thealxnq?tpower–onpull--alpsamda rightandleftrollathigh
speed. in addition,several.moremildpull-upsareincludedas
of soneinte~est,althoughnot indicatinganysevereloads.
PuessU-esactingupwardsareconsideredpositiveforthe
horizontalsurfaces,md axeplottedto therightof thebase
lineson thepressure&M.gr~ns;andviceversa.Pressuresacting
fromstarboardtoportaxeconsideredpositiveforthevertical
*
tailsurfaces,andareplottedabovethebaseline,andvice
..’ versa.
T~epresentspecificationsforthedesi~ of tailsurfaces
ofpursuittypeairplanesi~ose averageloadEof 45 and40
.-
pounds>ei squa-efooton thehorizontalandverticalsurfaces,
respectively.It is interesting,as a primarycomparisontetween
observedacdspecifiedloads,to notetheloadsgivenin thecol-
umnsof averageloadsinTable11. Itrm~stbe borneinmind
whiledoi~~this,thatthespecificationsaresupposedto inc~r-
poratea factorof safetyof 2; thus,anyvaluegivenin theta-
bleexceedingone-halfthespecifiedvalueis to be considered
p m ovezloaii,aiidviceversa. Itr;illbe notedthatthehorizoa-
ta,ltailsurfaceloadsin thepull-upsaregenerallylowerthan.
..
—
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k one-halfthedesignload,exceedingthisvalueinrunsNos.134
and137 andcloselyapproachingit inrunNO.133. Inrun,No.
133theC.G.accelerationr appliedloadfactorwas6 or one-
halfof thedesignhighincidenceloadfactorforthisairplane,
maki~~thesafetyfactorforbothwingsandtailsurfacesapprox–
imately2 (onthebasisof loadsonly)in thesamemaneuver.In
thediveslisted,however,thetailloadingis excessive,being
26.4and30.’7poundsper squarefootforrunsNos.213and226,
respectively,“indicatingthatthedesignrequirementsshouldbe
revisedupwards.Otherhighloadingson thehorizontalsurfaces
occurin thehigh–speed‘aarrelrolls,runsNos.222and225,the
valuesexceedingone–halfthedesignloading,hutremainingless
e.
thanthe.diveloadings.It is interestingto notethatin the
,,
.
rollsthemaximumup-loadis of thesameorderof magnitudeas
thedown-loads,whereasin allothermaneuversthedown-loads
onlyu-esevere.
On tkeverticslsurfacesonlytwoloadslistedexceedthe
safevalue,in therightbarrelroll,runNo.222,andin the
pull-outof a dive,run110.226. Sincethebarrelrollunder
discussionwasquitesevereandmaybe consideredan unusualcase,
it is notreasonableto expectthatundernormalconditionsver–
ticaltailsurfaceloadswouldbe sohigh.
outis probablya faironeforcompsxison,
1! thehighloadwasa resultof thetendency
Theloadin thepull-
however.In thiscase
of theairplanetoyaw
. as a ?esultof ailerondi@acement :madeto counteracta tendency
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*
to rollathighdivingspeeds.In otherwords,it is a result
*
of theparticulariggingof thisairplanesadwouldprobably
havebeenmuchlessiftheairplanehadbeenriggedperfectly
symmetrical.Thepossibility,however,of theverticslsurfaces
receivinghighloadsunderwhatmightbe considerednormalcon-
ditionscannotbe denied.
Besidestheaverageloadinglikelyto be encounteredon the
tailsurfaces,thespecificationsmustanticipatethedistribu-
tionof loadwith
thatmayoccuxin
bilizerandfin.
particularespectto thehighconcentrations
someplaces,usuallytheleadingedgesof st-
Thepresentspecificationsdisposetheload
unifortiyoverthefixedsurfaces,fromwhenceit decreasesW-
,-, til,at thetrailingedgeof themovableelement,itsvalueis
one-thirdthevalueoverthefixedsurface.In addition,spe-
.
cialleadingedgeloadsareapplied,extendingfromtheleading
edgebackone-fifthof thechordof thefixedsurface,andhav-
inga uniformvslueequalto threeti,mesthespecifiedaverage
loading.Thus, theleadingedgeloadfora pursuitairplane
stabilizerwouldbe 135poundsper squarefootandforthefin
120poundsper squarefoot. On thehorizontalsurfacesthemsx-
imumpressm-eson theleadingedgeoccurin theseverepull-ups
andexcee’dthespecifiedleadingedgevalueby a veryappreci–
ablem--gin,although,fortunately,theyareusuallyquitelocal
in characteranddo notextendoverthespecified
factthattheynotonlyexceedhslfthe specified
area. The “
loading,but
.
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~,ctuallyexceedthewholeof it,iswellworthnoting. In allOf —
thesecases(pull-ups),however,theaccelerationsat theC.G.
weregreaterthansix. In thelessseverepower–onpull-ups,
themaximumpressuresareunder135poundsper squarefoot,but
.
in somecasesareconsiderablygreaterthanhalfthatvalue,in-
,
dicatingthatthespecificationsshouldbe revisedupwards.In
onedive,run~~Om226,thepressurewasequalto thatspecified
withintheexperimentalerrorandinrunNo.326wasevengreater,
md itwouldseemfromthisthatto doublethepresentleading
.<
edgespecifiedloadwouldgivea muchmorereasonablevalue.
In no casedoesthepressureon theleadingedgeof thefin
exceedthespecifiedvalue,althoughin thepull-outitreaches
a valueof90 poundsper squarefoot. It shouldbe mentioned
herethattheverticaltailsurfacesof thePW-9arethin,where-
as thehorizontalsurfacesarerelativelythick.
= soaeof themostsevereribA fewgraphicalcomparisonso.
loadswiththosespecifiedaregivenin Figures28 and29. They -
areself–explanatoryandneed
Cone
.
no furthercoa”miient.
lus i o n s
Specifiedtailloaddesignloadings houldbe revisedup-
wards. Thisisparticularlytrueof leadingedgeloads,which
shouldbe atleastdoubledforthicksections.
Lmgley KefiorialAeronauticalLaboratory,
NationalAdvisoryCo-amitteeforAeronautics,
LangleyField,Vs.,March19,1930.
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TA3LE1. CharacteristicsofPW-9Airplme
Spanof upper
Spanof lower
Centricchord
Distancefrom
Centricchord
Distancefrom
wing..........................
wing..........................
of upperwing*................
centerlineto centricchord..
of lowerwing.................
centerlineto centricchord..
Gap .........................................
Stagger**........................*...........
Dihedral(upperwinglowersurface).........
Dihedral(lowerwinglowersurface).........
C.G.position,aft leadingedgeof root
section,lowerwing.....*.............
C.G.position,.abovelowersurfaceroot
section,lowerwing.....l .l .l ..........
DistancefromC.G,to centerlineof elevator
hingel .................................
DistacefromC.G.to,centerlineof rudder
hinge...................... ...........
.
Areaof upperwing’..........................
Areaof lowerwing........................**
TotalwingEzra.............................
Areaof horizontaltailsurfaces............
9
32 ft.O in.
22 If5–3/4ix.
5 11 3-1/4 1[
7 ‘110 in.
4 ‘~ 6 !!
5 ‘1 7-3/8in.
52 in.
+2°221
10 61
1° 23!
14 ft.
15 11
160.4
80.8
241.2
29.84
18-1/4in.
23-3/4 I’.
11-5/8 11
3-5/8 “
Sq.ft.“
II
II
II
.
*Centrichordis definedas thechordpassingthroughthecen–
troidof theplanformof thatportionof thewingextending
fromtherootto thetip.
xxst~germeasuredat a sectionparalleltO theplwe of sY~etrY
andpassingthroughthecentroidof theplanformof onelowez
wingbetweena lineperpendicularto thechordof theupperWing
anda linedrawnfroma pointone-thirdchordlengthfromthe
leadingedgeof thelowerwingto a pointsimilmlylocatedon
theupperwing.
—
Y
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Areaof verticaltailsurfaces.............
Weightof tirplmeduringtesks
............
Ratedhorsepowerat 2000r.p.a.
............
Powerloading.............
.*.-...........*.
Wingloadingl ..*..........................
Ix .......................................
lY ..................................,...O
Iz ..................**..................
.
10.74Sq.ft.
2970 lb.
375
7,92lb./hp
12.3 lb./sq.ft.
1697.0 slugs–ft.2
1875(
2600
approximateely)
II
.
.-
.
TABLEII.Tail~ !a
ItitLd.Time Horlzont.al Surfaces Vert’ical Su~face8 :
air Total Total Loca-Total Tot~ Loca-?
RunManeu-s~eed(see.jnormalAVer~e moment~-~ t~onno-l AVer~e moment~~ tion ?
ver m.p.h. force load a~o~~pre8aureof force lod
No. hinge
about
m9xi-
preasureof ~
hl~e maxi-
lb.lb.jsq.ft.;~;erIb./Sq.ft.m lb. B’lb.iaq.ft.ce~bgrlb.iaq.ft.-~
pres- li~e pres-
lb.ft. sure lb.ft. sure E
130pu11-up116 1/4-220 -14.7
—
-58 -32.7 0-4 ~“
1/2-124 - 8.3 -33.8 0-4 *
1 98 6*6 :: 84.‘7 N-1
a
MJ2 108 7.2 295 64.0 N-1 ~
131@l-up 126 l/4-199 -13.3 -59
.
-30.2 0-4
l/2-119 - 8.0 86 -38.5 Y-4 2
1 57 3.8 308 63.3 x-l
<
132pull-up137 1/2-206 - 13.8 24 -4..6 0-4
1-1/2 46 3.2 186 64.4 M
133pull-up148 l/4-319 -21.3 9 -42 H-4
l/2-155 - 10.4 l.xl -46 0-4
1 56 3.7 158 m N-1
134p’lill-up154 118-343 -22.9 -3.33.54 H-4
l/4-211 - 14.1 -52 -56 0-4
518 163 10.8 486 137 N-1
135pull-upla 318-290 - 19.4 84 -m o-4
718 1’77 11.8 625 134 N-1
136pu11-up172 lj4-275 - 18.4 -97 -45*7 N-2
518 2.4 .2 224 -a N-4
718 200 13.4 540 156 N-1
137‘pull-up181 118-453 -30.1 -164 -66.5 N-4
3/8-258 - 17.3 270 -65 N-4
1 224 14.9 600 176 N-1
200@l-up 108 1/4-165 - 11.0 -46 -24 N-1
power l-1/4 70 4.7 206 56 0-1
off
, \ r ,*
m-mManeu-
ver
Iio .
+
209pull-q
powe!
off
213 dive
215pu@-
dom
222right
roll
t
225left
roll
226 dive
Tpnll-226 ‘tfrcnl
lb, 1b.jeq.ft.
1 I I
308*I 12 I-395 -26.4
,
186.1*3+2 -50.4 -3.4
m
lf4-349.6 -23.4
l/2 - -
3/4 -28 - 1.9
7/8 98 6.6
1“ 111.6 7*5
2~* 16~ -458 -30.7
:11. Tail~ (Cent.]
L1 s~r~aces Vertfcal SuTface-S ~
!otali ILoca-‘otal lTotal ILoca- F
lomentlMax~mumItion
LbOut
I
pre6sureof
Itnge -i-
ben~erlb.laq.ftmum
line pres-
“H
w
-230
-22
305
_3@
390
-160
450
435
324
-48 N-2
-48 I@
69 0-1
55 0-1
-40 N-2
x? o-1
-54 N-4
-49 N-4
-133 M-1
i I
-550 I - 88 I N-2
iommllAver~e Imomanl
-L-L‘orc9lod abouthingelb. l~ofaq.ft.cente]linelb.ft,
++
44268 2; 1.23.2228 21.1 52.522.6 2.1 15
4--L174.4 16.2468 -15.6 -:438 -32.8 -401 I
294 I 27.4 -43
I
d-Maximum tion ?presfmre of pIa9xi- ~lb./eq.ft.mompres-isure ~E
-+--t--
s.-34-39 S-3-35 -3
[
-1-k
Rlm
No.
315*:
316*’
326*’
kkm3u-
ver
pull-q
p-in-q
high-
speed
dive
~
[niti Time
air
I
speed (sec.)
m.p.h
z114.5 1/21-llE1-1/41-12149.8L5/lf:-.5/El-3/4121.50. 1-5E148.50
T 14
T&8LEII. TailSumoary(Cent.) w
Horizont
s
lb. DL/sq.ft
-321.6
81.8
146.8
186.8
-451
-400
217.6
219.6
- 72
41.5
5.5
9.8
1.2.5
-30.2
-26.8
14.6
14.7
--4.8
%
98.4 6.6
-130.8 - 8.8
147.2 9.9
-498 -33.4
al Surfac
T
Total
momentMaximum
about pressure
hinge
centerlb./0q.ft.
line
lb.ft.
-60 -44.2
276 75
u
-46 -53.6
(Xl -62.4
480 la
410 117
-104] -21
+
287 68
-246 -30.2
ml 93
-705 -148
*firspeedatgiventimingline.
~XP~eSs~*~re~ord~donlef~.horizontalt~lSurfaces.
es Vertica
T
Loca-Total
tionno-l Average
of force load
*-
lb. lb.laq.ft.
pres-
sure
X-4
x-l
x-l
x-1
v-1
x-4
x-l
x-1
v-1
+T_xJlW-Ix-lx.1
Su
Total
~~~ent
abcut
~iage
ce~ter
.llne
lb.ft.
face
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pressure
b./sq.ft,
3 i-
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